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RADIOBIOLOGY OF PIONS AT LAMPF

M.R. Raju, N. Tokita

ABSTRACT

Recent radiobiology data for pion beams used in therapy are presented. The

biological systems used were cultured cells suspended in gelatin and intestinal

crypt assay. The importance of fast neutrons

volumes is discussed.

The data for compensating the depth dose

from pion stars in large treatm t

distribution to produce unii’orm

cell killing acros!sthe peak region are presented. The changes in biological

effectiveness with peak width for pion beams (unlike heavy ions) are small

because of fast neutron contribution from pion stars. The need for innovative

radlobiology programs to guide high-LET I“adiotherapyis discussed.

INTRODUCTION——..

The physical aspects of plons dlffcr from the rest of heavy charged par-

ticles in some re9pect9. For pions, the increase In LET in the peak region due

to Bragg ionization characteristics is radiobiologically insiflnlficant. The

high-LET ccxnporv}ntin the pion stopping region is frc+npion stars. The relative

contributions of charged particles and fast neutrons from pion stars depend on

the pion stopping volume. The contribution of fiiatneutrons in small stopping

volumes is small compared to charged particles. However, with increasing pioa

stopping volume, the role of fast neutrols bemncs important. This 1s i~lus-

truted in the schematic diagram shown in Fig. 1 (l). The decre~~sein high-LET

curnponrntsduc to ch+rrgedpurticlcs from pion ~t:jrswith incre:i~lngpc~k width

of pion9 is pcirtlycompensated by the Incrcnse In uuntribuLlOrlby faat neutrons

frcxnpion starfl. Thuuc physlcnl Conflidorntionscould menn thnt t,hcrndiobiolo[;-

Ical {!ffccLof pions m~y dcpond not only on peilkwidth hut M1:IUon LrrnmSIZO.

.



Secondly, the differences in biological effectiveness of pions of different peak

widths will be small compared to heavy ions.

RESULTS

1. Cultured Cells

Uhen the narrow i3\

i;hedistal side of the

agg peak is broadened to cover large treatment volumes,

peak is more effective than the proximal peak because of

tne changes in LET across the peak. Cultured hams~er cells (V7g) s~spended in

gelatin (3) were used to study the beam characteristics of pion beams used in

therapy (2). Figure 2 shows cell survival curves at three positions across a

14-cm wide peak. These differences in cell killing need to be appropriately

compensated in order to produce uniform cell killing in Lhe regiorlof interest.

Figu?e 3 shows such a dose distribution along with cell-killing data as a func-

tion of depth. Most of the pion beams used in Lherapj were verified for uniform

cell killing across the peak region.

Figure U shows cell survival curves at the peak center of the pion beams of

peak width 6, 10 and 14 cm. The biological effectiveness is found to decrease

slightly with increasing peak width.

Our results from cultured cell experiments are consistf?ntulth the results

from Vancouver r~port.edin this workshop.

2. .[-nt~stinulCry.ptC_c,l-ls..... ..—-..-

The biologictileffects o!”pion th~ri.py beams ~rr also measured using mouse

jejunum for pion beams used in thvrapy (5-HI). Since there iireno differences

bctwccn tibdumlIIal irradlilt.iorr.]nduhole-budy irridiuLlof) in this system, there

is no rlccdto use uny uddltiun.~1col,~imntionthut could ch~n~c tl~ebew quality,

Single nnd four frilCt~Orl:J wcr~!Unnd. Tl]cfract.lonnumb~r WHS d~etatrd by ti!e

bt?ilt’fl RVill]Jblllty. Tt)eulJJcct.lv~sof Lhln study nre to: 1) verify the unifor-

mly o!.cell killlnr,m.rons t.hor,ltlge-mc)c~lllnlc(ipilm bourn,2) measure the



difference in biological effectiveness between beams of different peak width

(equal field size), and 3) study the neutron effect of beams of 8-cm peak width

but of different field sizes.

The cell killing across the range modulated plon beam of 14-cm peak width

nt the proxjmal, mid and distal peak positions was found to be uniform, consis-

tcIt with cultured cell ~xperiments. Figure 5 shows cell survival of intestinal

cryp:s for pion beams of h- and 14-cm peak width at the peak center. Consistent

with cultured cell experiments, the differences are small and there is also a

suggestion that 6-cm peak width is slightly more effective than 14-cm peak width

beam at low doses.

To study the effect of ceutron contribution differences between pion beams

of diff~.rentstopping volumes but.of the same peak width, two beams of peak

widt)l8 cm, but of field sizes (7.5 x 7.5 cm) and (20 x 20 cm) were tested using

the mouse jejunum for one ~nd four fractions at the mid peak positions. The

dose rate was 0.12 Gy/min for large beam and 0.6 Gy/min for the small beam. The

results are shown in Fig. 6. The ~’atalndicute that the biological effect 1s

greater for the large beam compared to the small beam when iour fractions were

used de~pite the fact that the dose rate for the large beam 1s considerably

lower than that for the small beam. Howeve-, no difference was seen wt;ensingle

do3e9 were u31x!. Thus, it appenrs that in addition to the peak width, pion

stopping volume also must be taken into cot:sideratlonbecause of fast neutron

cont,ributlonfrurnpion stars. Since treatment of large tumor volumes often

Fcqulreu beuma with lurger peilkwidths, the neutron .:ontrihlltlonsLFII(ILU

decrenw? t.hcdiffurorlcosin blolqicitl t!ffcctfor pjun b(!i]~~ of dif!”crcntpeak

widths. The:leflndingn tireconnistonL w’.t.bthe rc:lultsof’cultilrculct?l!

exprrim(*rlLsrrportcd by Dr. !ik:irngflrdin Lhis work.lhop,



3. Late Effects

RBE measurements of late effects for pions in the past were ❑ade using

narrow peak width (2-cm) because of limited dose rate. The RBE values of such

beams may be different from beams used clinically. Recently, an extensive

series of fractionated experiments (up to 20 fractions) has been conducted

Dr. van der Kogel for the late effects on the cervical spinal cord in ratis

by

and

mouse lungs with a pion beam of 6-cm peak width. He expect to have the results

within a few months. To address the question regarding pos~ii?ledifferences in

RBE for pions between acute and late effects, Dr. Tokita compiled the available

data for narrow peak of pions for acute effects on mouse skin, mouse jejunum and

for late effects on the mouse kidney, rat spinal cord, and rat colon. There is

a suggestion that the slopes for late effects appear to be steeper compared to

acute effects (6).

DISCUSSION—.——- .—

When pions were proposed, the importance of fast neutrons from pion stars

was not recogl~ized. For heavy charged particles, the RBE decreases and OER

increases with increasintipeak width. These changes for pion beams are rather

small because of fast neutron contribut.icm, The results from Los Alamos are

consistent with the radiobiology data from Vancouver.

When high-LET particles were proposed for thernpcutic use, the emphasis was

placed mninly on the effect on tumor cells in hypoxic state and tumor cells in

resistant.phases of the CC1l cycle, out not on the late normal tissue tolerance

in spl~e of earlier warnings by !;tonc(U). For lack of tnformatiollregarding

the optimum fract.ionatlortscheme for high-LET radiations, corlventiorl~lfraction-

ation schemes (using appruximatcly 2 (;yX-ray equivalent doses per fraction)

dOVPLO@ r~,l.x rays nre being used for high-LF.T Particles as well. Clinical

exl~ericncefrom nuct)f’raction;ltlonfichemes:]lonl’cnn not determine tho potential



application of high-LET particles in therapy because cell killing by l?igh-LET

particles is less influenced by hypoxia and stage in the cell cycle. Also,

since accumulation of sublethal damage is less imFortant for high-LET particles,

no advantage is obtained in sparing normal tissues from

ventional fractionation schemes are used. Although, in

clinical triala have to determine the potential role of

late effects when con-

the final analysis,

high-LET particles, the

role of radiobiology has to be much more than just determining the Rbtiat a dose

per fraction currently used. Uith increasing power costs, it ❑ay not be possi-

ble to arrive at the answers by clinical trials alone. It is important to have

an innovative radiobiology program to guide the therapy program in the selection

of fractionation schemes by a detailed study of the tolerance of normal tissues

for acute and late effects and the selection of tumors ~uitable for high-LET

radiotherapy (e.g., slow-growing tumors).
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FIGURE LEGENDS

1. Schematic representation of doses deposited by pions in small (mO.2 Liter)

and large (ml.5 Liter) volumes. The numbers used in this Figure are from

Monte-Carlo calculations by Dr. J. J. Brenner (personal communication, June,

lg8”i).

2. Cell survival curves at proximal-, mid-, and digtal-positions of pion beam

of peak width 14 cm and for 300 KVp X rays.

3. Depth dose distribution and cell survival as a function of depth for a pion

beam of 14 cm peak width.

4. Cell survival curves for peak center position of peak widths 6 cm, 10 cm,

and 14 cm and 300 KVP X rays.

5. Intestinal crypt cell survival curves at the mid peak position of the 14-cm

(open squares) and 6-cm (closed squares) peak widths, but of equal size

(11 cm x 14 cm).

6. Intestinal crypt cell survivai curves for a pion beam of 8-cm peak width but

of sizes 7.5 cm x 7.5 cm (small field) and 20 cm x 20 cm (large field)

following 1 and 4 pion doge fractions.
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